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MIDAZOPYR AZINONE AND IMIDZOTRIAZINONE DERIVATIVES 
" ESGABA-A RECEPTOR ANXIOLYTICS 



The present invention relates to classes of substituted inridazo-pyrazinone 
5 derivatives, substituted imidazotiiazine derivatives and purinone derivatives and 
to their use in therapy. More particularly, this invention is concerned with 
imidazo[l,2-dpyrazin-8-one analogues and imidazo [ 1 , 2 * d] triazin* 8* one analogues 
which are substituted in the 3-position by a substituted phenyl ring, and with 
purin-6-one analogues which are substituted in the 9-position by a substituted 
10 phenyl ring. These compounds are ligands for GABAa receptors and are therefore 
useful in the therapy of deleterious neurological complaints, 

A description of the theoretical background underlying this invention can 
be found on pages 1-5 of WO-A-02074773 (Merck Sharp & Dohme Ltd.). 
WO 02/10170 describes a class of 3-phenylimidazo[l,2-a]pyrazine 
15 derivatives which are stated to be selective ligands for GABAa receptors, in 
particular having high affinity for the a2 and/or a3 subunit thereof, and 
accordingly to be of benefit in the treatment and/or prevention of neurological 
disorders, including anxiety and convulsions. However, there is no disclosure nor 
any suggestion in that publication of therapeutic agents based on a 7-substituted 
20 imidazo[l,2-a]pyrazin-8-one ring system. 

The present invention provides a compound of formula I, or a 
pharmaceutical^ acceptable salt thereof^ 




wherein 

-U-V- represents -CH=CH-, or -CH2-CH2-, -N=CH- or CH=NS 
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X 1 represents hydrogen, halogen, Ci-e alkyl, trifluoromethyl or Cie alkoxy; 
X 2 represents hydrogen or halogen; 

Y represents a chemical bond, an oxygen atom, or a -NH- or -OCH2- 
linkage; 

5 Z represents an optionally substituted aryl or heteroaryl group; 

R 1 represents hydrocarbon, a heterocyclic group, trifluoromethyl, 
-S02R a , -S0 2 NR*R b , -COR a , -C02R a or -CONR a R b ; and 

R a and R b independently represent hydrogen, hydrocarbon or a 
heterocyclic group. 

10 The present invention also provides a compound of formula I as depicted 

above, or a pharmaceutically acceptable salt thereof, wherein 
-U-V- represents -CH=CHS 

Y represents a chemical bond, an oxygen atom, or a -NH- linkage; and 
X 1 , X 2 , Z and R 1 are as defined above. 

15 Definitions of the aryl or heteroaryl group Z, pharmaceutically acceptable 

salts of the compounds, the terms "hydrocarbon" and "a heterocyclic group" as 
used herein, suitable alkyl, alkenyl, alkynyl, and cycloalkyl groups, typical 
examples of C3-7 cycloalkyl(Ci-6)alkyl groups, particular indanyl, aryl and aryl(Ci- 
e)alkyl groups, suitable heterocycloalkyl and heteroaryl groups, the expression 

20 "heteroaryl(Ci-6)alkyl", optional substituents on the hydrocarbon and heterocyclic 
groups and the term "halogen" as used herein can be found on pages 6-8 of WO-A- 
02074773. 

General comments about stereochemistry can be found on page 9 of WO 
A-02074773. 

25 In one embodiment of the compounds according to the present invention, - 

U-V- represents -CH=CH-. 

In another embodiment, -U-V- represents -CH2-CH2-. 
Suitable values for the X 1 substituent include hydrogen, fluoro, chloro, 
methyl, trifluoromethyl and methoxy; in particular hydrogen or fluoro; and 
30 especially fluoro. 

Suitably, X 1 represents halogen, Ci*e alkyl, trifluoromethyl or C1-6 alkoxy. 
Typical values of X 1 include fluoro, chloro, methyl, trifluoromethyl and methoxy, 
especially fluoro. 

Typical values of X 2 include hydrogen and fluoro, especially hydrogen. 
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In a preferred embodiment, Y represents a chemical bond. 

In an alternative embodiment, Y represents a -OCH2- linkage. 

In another embodiment, Y represents an oxygen atom. 

In a further embodiment, Y represents a -NH- linkage. 
5 Selected values for the substituent Z include phenyl, pyridinyl, 

pyridazinyl, pyrimidinyl, pyrazinyl, furyl, thienyl, oxazolyl, isoxazolyl, thiazolyl, 
isothiazolyl, pyrrolyl, pyrazolyl, imidazolyl, oxadiazolyl, thiadiazolyl, triazolyl 
and tetrazolyl, any of which groups may be optionally substituted by one or more 
substituents. 

10 Particular values of Z include phenyl and triazolyl, either of which groups 

may be optionally substituted by one or more substituents. 

In one favoured embodiment, Z represents an optionally substituted 

phenyl group, in particular monosubstituted or disubstituted phenyl. In another 

favoured embodiment, Z represents optionally substituted pyridinyl, especially 
15 unsubstituted, monosubstituted or disubstituted pyridin-2-yl, pyridin-3-yl or 

pyridin-4-yl. 

Examples of suitable substituents on the group Z include fluoro, chloro, 
cyano, nitro, methyl, hydroxy, methoxy, oxy, methanesulphonyl, amino, 
aminocarbonyl, formyl, methoxycarbonyl and -CH=NOH. 
20 Examples of typical substituents on the group Z include fluoro, chloro, 

cyano and methyl. 

Examples of particular substituents on the group Z include fluoro and 
cyano, especially cyano. 

Detailed values of Z include cyanophenyl, (cyano) (fluoro)phenyl, 
25 (chloro)(cyano)phenyl, nitrophenyl, methoxyphenyl, methanesulphonyl-phenyl, 
pyridinyl, fluoro-pyridinyl, difluoro-pyridinyl, (amino)(chloro)pyridinyl, cyano- 
pyridinyl, methyl-pyridinyl, hydroxy-pyridinyl, methoxy-pyridinyl, oxy-pyridinyl, 
aminocarbonyl-pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, cyano-thienyl, 
aminocarbonyl-thienyl, formyl-thienyl, methoxycarbonyl-thienyl, thienyl- 
30 CH=NOH, thiazolyl, isothiazolyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl and 
methyl-tetrazolyl. Additionally, Z may represent methyl-triazolyl. 

Specific values of Z include cyanophenyl, (cyano) (fluoro)phenyl, pyridinyl, 
difluoro-pyridinyl and cyano-pyridinyl. 
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Individual values of Z include cyanophenyl, (cyano)(fluoro)phenyl, 
(chloro)(cyano)phenyl and methyl-triazolyl. 

In one embodiment, Z represents cyanophenyl, especially 
2-cyanophenyl. 

5 In another embodiment, Z represents (cyano)(fluoro)phenyl, especially 2- 

cyano-4-fluorophenyl. Alternative aspects of this embodiment include 2-cyano-5- 
fluorophenyl, 2-cyano-6~fluorophenyl and 4-cyano-2-fhiorophenyL 

In an additional embodiment, Z represents (chloro)(cyano)phenyl, 
especially 3-chloro-4-cyanophenyl. 
10 In a further embodiment, Z represents methyl-triazolyl, especially 1- 

methyMJy-[l,2,3]triazol-4-yl or 2-methyl-2jy-[l,2,4]triazol-3-yL 

Typically, R 1 represents hydrocarbon, a heterocyclic group, 
trifluoromethyl, -COR a or COsR 1 *. 

Typical values of R a include hydrogen and Ci-6 alkyl. Suitably, R a 
15 represents hydrogen or methyl. 

Typical values of R b include hydrogen, Ci-e alkyl, hydroxy(Ci-6)alkyl and 
di(Ci-6)alkylamino(Ci-6)alkyL Suitably, R b represents hydrogen, methyl, ethyl, 
hydroxyethyl or dimethylaminoethyl. Particular values of R b include hydrogen, 
hydroxyethyl and dimethylaminoethyl, especially hydrogen or 
20 dimethylaminoethyl. 

Suitable values of R 1 include Ci-e alkyl, halo(Ci-6)alkyl, 
dihalo(Ci-e)alkyl, hydroxy(Ci-e)alkyl, dihydroxy(Ci-6)alkyl, 
Ci-6 alkoxy(Ci-e)alkyl, di(Ci-6)alkoxy(Ci-6)alkyl, cyano(Ci-6)alkyl, C2-6 
alkoxycarbonyl(Ci-e)alkyl, C3-7 cycloalkyl, heteroaryl, Ci-e alkyl-heteroaryl, 
25 heteroaryl(Ci-6)alkyl, trifluoromethyl, formyl, C2-6 alkylcarbonyl and C2-6 
alkoxycarbonyl. Additional values of R 1 include trihalo(Ch-6)alkyl and 
(Ci-e)aIkybheteroaryl(Ci-6)aIkyl. 

Representative values of R 1 include Ci-e alkyl, halo(Ci-6)alkyl, dihalo(Ci- 
6)alkyl, hydroxy(Ci-6)alkyl and trifluoromethyl. 
30 Particular values of R 1 include Ci-e alkyl, haloCCi e) alkyl, 

dihalo(Ci-6)alkyl, trihalo(Ci-6)alkyl, heteroaryl(Ci-e)alkyl and (Ci-e)alkyl- 
heteroaryl(Ci-6)alkyl. 

Individual values of R* include methyl, ethyl, fluoromethyl, 
difluoromethyl, hydroxymethyl, methoxymethyl, dimethoxymethyl, hydroxyethyl 
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(especially 2-hydroxyethyl), fluoroethyl (especially 

2-fluoroethyl), difluoroethyl (especially 2,2-difluoroethyl), dimethoxyethyl 
(especially 2,2-dimethoxyethyl), isopropyl, hydroxypropyl (especially 
2-hydroxyprop-2-yl), dihydroxypropyl (especially l,2-dihydroxyprop-2-yl), 
5 fluoropropyl (especially 2-fluoroprop-2-yl), cyanopropyl (especially 2-cyanoprop-2- 
yl), methoxycarbonylpropyl (especially 2-methoxycarbonylprop-2-yl), terf-butyl, 
hydroxybutyl (especially l-hydroxy-2-methylprop-2-yl), cyclopropyl, pyridinyl, 
furyl, thienyl, oxazolyl, methylthiazolyl, methyloxadiazolyl, imidazolylmethyl, 
triazolylmethyl, trifluoromethyl, formyl, acetyl and methoxycarbonyl. Additional 

10 values of R 1 include trifluoroethyl (especially 2,2,2-trifluoroethyl), methyl- 
triazolylmethyl (especially 2-methyl-2iy-[l,2,4]triazol-3-ylmethyl) and 
pyridinylmethyl (especially pyridin-2-ylmethylX 

Specific values of R 1 include methyl, ethyl, fluoroethyl (especially 2- 
fluoroethyl), difluoroethyl (especially 2,2-difluoroethyl), trifluoroethyl (especially 

15 2,2,2-trifluoroethyl), isopropyl, methyl-triazolylmethyl (especially 2-methyl-2,H'- 
[l,2,4]triazol-3-ylmethyD and pyridinylmethyl (especially pyridin-2-ylmethyl). 

In a first embodiment, R 1 represents methyl. In a second embodiment, R 1 
represents ethyl. In a third embodiment, R 1 represents fluoroethyl (especially 2- 
fluoroethyl). In a fourth embodiment, R 1 represents difluoroethyl (especially 2,2- 

20 difluoroethyl). In a fifth embodiment, R 1 represents trifluoroethyl (especially 
2,2,2-trifluoroethyl). In a sixth embodiment, R 1 represents isopropyl. In a 
seventh embodiment, R 1 represents methyl-triazolylmethyl (especially 2-methyl- 
2iy-[l,2,4]triazol-3-ylmethyl). In an eighth embodiment, R 1 represents 
pyridinylmethyl (especially pyridin-2-ylmethyl). In a favoured embodiment, R 1 

25 represents 2-hydroxyprop-2-yl. In another embodiment, R 1 represents 2- 

fluoroprop-2-yl. In an additional embodiment, R 1 represents trifluoromethyl. 

In one embodiment individual values of R 1 when -U-V- is -N=CH- or - 
CH=N- include methyl, ethyl, fluoromethyl, difluoromethyl, methoxymethyl, 
dimethoxymethyl, hydroxyethyl (especially 2-hydroxyethyl), fluoroethyl 

30 (especially 2-fluoroethyl), difluoroethyl (especially 2,2-difluoroethyl), 

dimethoxyethyl (especially 2,2-dimethoxyethyl), isopropyl, hydroxypropyl, 
dihydroxypropyl (especially l,2-dihydroxyprop-2-yl), cyanopropyl, 
methoxycarbonylpropyl (especially 2-methoxycarbonylprop-2-yl), fert-butyl, 
hydroxybutyl (especially l-hydroxy-2-methylprop-2-yl), cyclopropyl, pyridinyl, 
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furyl, thienyl, oxazolyl, methylthiazolyl, methyloxadiazolyl, imidazolylmethyl, 
triazolylmethyl, trifluoromethyl, formyl, acetyl and methoxycarbonyl. 

A particular sub-class of compounds according to the invention is 
represented by the compounds of formula IIA, and pharmaceutical^ acceptable 
5 salts thereof 




Z 



(HA) 



wherein 

10 U, V and Z are as defined above; 

X 11 represents hydrogen, fluoro, chloro, methyl, trifluoromethyl or 
methoxy; 

X 12 represents hydrogen or fluoro; and 

R 11 represents Ci-e alkyl, halo(Ci-6)alkyl, dihalo(Ci-e)alkyl, trihalo(Ci- 
15 e)alkyl, hydroxy(Ci-e) alkyl, dihydroxy(Ci-6)alkyl, 

Ci-e alkoxy(Ci-6>alkyl, di(Ci-6)alkoxy(Ci-6)alkyl, cyano(Ci-e)alkyl, C2-6 
alkoxycarbonyl(Ci-e)alkyl, C3-7 cycloalkyl, heteroaryl, Ci-e alkyl-heteroaryl, 
heteroaryl(Ci-6)alkyl, (Ci-6)alkyl-heteroaryl(Ci-6)alkyl, trifluoromethyl, formyl, C2-6 
alkylcarbonyl or C2-6 alkoxycarbonyl. 
20 The present invention also provides a compound of formula HA as 

depicted above, or a pharmaceutically acceptable salt thereof, wherein 
-U-V- represents -CH=CHS 

R 11 represents Ci-e alkyl, halo(Ci-e)alkyl, dihalo(Ci-6)alkyl, hydroxy(Ci- 
e)alkyl, dihydroxy(Ci-e)alkyl, Ci-e alkoxy(Ci-e)alkyl, 
25 di(Ci-6)alkoxy(Ci-6)alkyl, cyano(Ci-e)alkyl, C2-6 alkoxycarbonyl(Ci- 6 )alkyl, C3-7 

cycloalkyl, heteroaryl, Ci-e alkyl-heteroaryl, heteroaryl(Ci-6)alkyl, trifluoromethyl, 
formyl, C2-6 alkylcarbonyl or C2-6 alkoxycarbonyl; and 
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Z, X u and X 12 are as defined above. 

Suitable values of X 11 include hydrogen and fluoro, especially fluoro. 
Typical values of X 11 include fluoro, chloro, methyl, trifluoromethyl and 
methoxy. 

5 A particular value of X 11 is fluoro. 

In a favoured embodiment, X 12 represents hydrogen. In another 
embodiment, X 12 represents fluoro. 

Where R 11 represents heteroaryl, this group is suitably pyridinyl, fiiryl, 
thienyl or oxazolyl. 

10 Where R 11 represents Ci-e alkyl-heteroaryl, this group is suitably 

methylthiazolyl (e.g. 2-methylthiazol-5-yl) or methyloxadiazolyl (e.g. 3-methyl- 
[l,2,4]oxadiazol~5-yl). 

Where R 11 represents heteroaryl(Ci-6)alkyl, this group is suitably 
imidazolylmethyl or triazolylmethyl. Additionally, the 
15 heteroaryl(Ci 6)alkyl group R 11 may be pyridinylmethyl. 

Representative values of R 11 include Ci-e alkyl, halo(Ci-6)alkyl, dihalo(Ci- 
e)alkyl, hydroxy(Ci-6)a!kyl and trifluoromethyl. 

Particular values of R 11 include Ci-e alkyl, halo(Ci e)alkyl, 
dihalo(Ci-6)alkyl, trihalo(Ci-6)alkyl, heteroaryKCi-e) alkyl and (Ci-e)alkyl- 
20 heteroaryl(Ci-6)alkyl. 

Individual values of R n include methyl, ethyl, fluoromethyl, 
difluoromethyl, hydroxymethyl, methoxymethyl, dimethoxymethyl, hydroxyethyl 
(especially 2-hydroxyethyl), fluoroethyl (especially 

2-fluoroethyD, difluoroethyl (especially 2,2-difluoroethyl), dimethoxyethyl 
25 (especially 2,2-dimethoxyethyl), isopropyl, hydroxypropyl (especially 

2-hydroxyprop-2-yl), dihydroxj^propyl (especially l,2-dihydroxyprop-2-yl), 
fluoropropyl (especially 2-fluoroprop-2-yl), cyanopropyl (especially 2-cyanoprop-2- 
yl), methoxycarbonylpropyl (especially 2-methoxycarbonylprop-2-yD, fer^-buiyl, 
hydroxybutyl (especially l-hydroxy-2-methylprop-2-yl), cyclopropyl, pyridinyl, 
30 furyl, thienyl, oxazolyl, methylthiazolyl, methyloxadiazolyl, imidazolylmethyl, 

triazolylmethyl, trifluoromethyl, formyl, acetyl and methoxycarbonyl. Additional 
values of R u include trifluoroethyl (especially 2,2,2-trifluoroethyl), methyl- 
triazolylmethyl (especially 2-methyl-2i? [l,2,4]triazol-3-ylmethyl) and 
pyridinylmethyl (especially pyridin-2-ylmethyl). 
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Specific values of R 11 include methyl, ethyl, fluoroethyl (especially 2- 
fluoroethyl), difiuoroethyl (especially 2,2-difluoroethyl), trifluoroethyl (especially 
2,2,2-trifluoroethyl), isopropyl, methyl-triazolylmethyl (especially 2-methyl-2^T- 
[l,2,4]triazol-3-ylmethyl) and pyridinylmethyl (especially pyridin-2-ylmethyl). 

In a first embodiment, R 11 represents methyl. In a second embodiment, 
R 11 represents ethyl. In a third embodiment, R 11 represents fluoroethyl 
(especially 2-fluoroethyl). In a fourth embodiment, R 11 represents difiuoroethyl 
(especially 2,2-difluoroethyl). In a fifth embodiment, R 11 represents trifluoroethyl 
(especially 2,2,2-trifluoroethyl). In a sixth embodiment, R 11 represents isopropyl. 
In a seventh embodiment, R 11 represents methyl-triazolylmethyl (especially 2- 
methyl-2^f [l,2,4]triazol-3-ylmethyl). In an eighth embodiment, R 11 represents 
pyridinylmethyl (especially pyridin-2-ylmethyl). In a favoured embodiment, R 11 
represents 2-hydroxyprop-2-yl. In another embodiment, R 11 represents 2- 
fluoroprop-2-yl. In an additional embodiment, R 11 represents trifluoromethyl. 

When -U-V- is -N=CH- or CH=N- individual values of R 11 include methyl, 
ethyl, fluoromethyl, difluoromethyl, methoxymethyl, dimethoxymethyl, 
hydroxyethyl (especially 2-hydroxyethyl), fluoroethyl (especially 2-fluoroethyl), 
difiuoroethyl (especially 2,2-difluoroethyl), dimethoxyethyl (especially 2,2- 
dimethoxyethyl), isopropyl, hydroxypropyl, dihydroxypropyl (especially 1,2- 
dihydroxyprop-2-yl), cyanopropyl, methoxycarbonylpropyl (especially 2- 
methoxycarbonylprop-2-yl), fert-butyl, hydroxybutyl (especially l-hydroxy-2- 
methylprop-2-yl), cyclopropyl, pyridinyl, furyl, thienyl, oxazolyl, methylthiazolyl, 
methyloxadiazolyl, imidazolylmethyl, triazolylmethyl, trifluoromethyl, formyl, 
acetyl and methoxycarbonyl. 

One representative subset of the compounds of formula DA above is 
represented by the compounds of formula HB, and pharmaceutical^ acceptable 
salts thereof 
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(IIB) 

wherein U, V, X 11 , X 12 and R n are as defined above; and 
R 2 represents hydrogen or fluoro. 
5 In one embodiment, R 2 is hydrogen. 

In another embodiment, R 2 is fluoro, in which case the fluorine atom R 2 is 
favourably attached to the phenyl ring at the 4-, 5- or 6-position (relative to the 
cyano group at position 2). 

Another representative subset of the compounds of formula IIA above is 
10 represented by the compounds of formula IIC, and pharmaceutically acceptable 
salts thereof! 




(IIC) 



15 



wherein U, V, X", X 12 and R 11 are as defined above; and 
R 3 represents hydrogen, fluoro, cyano or methyl. 
In one embodiment, R 8 is hydrogen. 
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In an additional embodiment, R 3 is fluoro. 
In another embodiment, R 8 is cyano. 
In a further embodiment, R 3 is methyl. 

A further representative subset of the compounds of formula HA above is 
5 represented by the compounds of formula IID, and pharmaceutically acceptable 
salts thereof 




(IID) 

wherein U, V, X 11 , X 12 , R 3 and R 11 are as defined above; and 
R 4 represents hydrogen or fluoro. 
Suitably, R 4 represents hydrogen. 
In another embodiment, R 4 represents fluoro. 

The present invention also provides a compound of formula HB, HO or IID 
as depicted above, or a pharmaceutically acceptable salt thereof, wherein 
-U-V- represents -CH=CHS and 
X", X* 2 , R 2 , R 3 , R 4 and R H are as defined above. 

Specific compounds within the scope of the present invention include* 
2'-fluoro-5 f -(7-methyl-8-oxo-7,8-d^ 
carbonitrile; 

5'-(7*ethyh8-oxo-7,8-dihydroimidazo[l,2-a]pyra2in-3-y0-2 f -fluoro^ 
carbonitrile; 

2'-fluoro-5'-[7-(2-fluoroethyl)-8-oxo-7,8-dihydroimidazo[l,2-^ 
yUbiphenyl-2-carbonitrile; 

5 , -[7<2,2-difluoroethy0"8-oxo-7,8-dihydroimidazo[l,2-dpyrazm^ 
fluorobiphenyl-2-carbonitrile; 



10 



15 



20 



25 
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4,2'-difluoro-5'-(7-methyl-8-ox^ 

2- carbonitrile; 

4,2'-difluoro-5'-(7-ethyl-8-oxo-7,8-dih^ 
carbonitrileJ 
5 4,2'-difluoro-547-(2,2-dmuoweta^ 
yl]biphenyl-2-carbonitrile; 
4,2'~difluoro-5'-[7-(l-methylethy^^ 
yl]biphenyl-2-carboiritrile; 

3- cWoro-2'-fluoro-5'-(7-methy^ 
10 yl)biphenyl-4-carbonitrile; 

4,2'-difluoro-5 / -[7-(2-fluoroethyl)-8-oxo-7,8-dihydroiimd 
yl]biphenyl-2-carbonitrile; 
4'-fluoro-3'-(7-methyl-8-oxo-7,8-d^ 
carbonitrile; 
15 5'-fluoro-3'-(7-methyl-8-oxo-7,8- 
carbonitrile; 

2,2'-difluoro-5'-(7-methyl-8-oxo-7,8-dih^ 

4- carbonitrile; 

4,2'-dffluoro-5'-[7<2,2,2-t^ 
20 yl]biphenyl-2-carbonitrile; 

4,2'5dmuoro-5'-[7<2-methyl-2^[l,24]triazol-3Tlmethyl)-8^ 
dikydroinudazo[l,2-a]pyrazin-3-^^ 

3- [4-fluoro-3-(l-methyl-l Hr [1,2,3] triazol-4-ylmethoxy)phenyl] ^-methyl^iy- 

imidazo[l,2-dpyrazin"8-one; 
25 3-[4-fluoro-3-(2-methyl-2ff-[l,2,4]triazol-3-ybnethoxy) 

imidazo[l,2-dpyrazin-8*one; 

7-ethyl-3-[4-fluoro-3-(2-meta^ 

imidazo[l,2-dpyrazin-8-one; 

4,2'-di£iuoro-5'-[8-oxo-7-(pyridm^ 
30 yl)biphenyl-2-carbonitrile; 

4,2'-difluoro-5'-(7-methyl-8-oxo-5,6^ 
. yl)biphenyl-2-carbonitrile; 

4,2'-difluoro-5'-(7-et^yl-8-oxo-5,6,7,8-tetrahydroinu 

yl)biplienyl-2-carbonitrile; 
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5,2'-difluoro-5'-(7-eth^ 
yDbiphenyl-2-carbonitrile; 

6,2 r -difluoro-5'-(7-ethyl-8-oxo-5,6,7,8'tetrahydroimidazo[l,2-d 
yDbiphenyl-2-carbonitrile; 
5 6,2'-difluoro-5'-(7-methyl-8-o^^ 
2-carbonitrile; 

6,2'-difluoro-5'-(7-ethyl-8-oxo-7,8-dihy<^ 
carbonitrile; 

5,2'-difluoro-5'-(7-methyl-8-oxo-5,6,7,8-tete 
10 yl)biphenyl-2-carbonitrile; 

4,2 / -difluoro-5'-[8-oxo-7-(pyridin-2-ylmethyl)-5,6,7,8-te^ 

dpyra2an-3-yDbiphenyl-2-carbonitrile; 

6,2'-difluoro-5'K7-methyl-8-oxo-5,6,7,8-tetra^ 

yl)biphenyl-2-carbonitrile; 
15 and pharmaceutically acceptable salts thereof. 
Also provided is* 

4,2'-dmuoro-5'-(7-methyl-8^^ 

yl)biphenyl-2-carbonitrile; 

and pharmaceutically acceptable salts thereof. 
20 Also provided is: 

3 r -(l-methyl-6-oxo-l,6-dihydropur^ 

and pharmaceutically acceptable salts thereof. 

Also provided by the present invention is a method for the treatment 

and/or prevention of anxiety which comprises administering to a patient in need 
25 of such treatment an effective amount of a compound of formula I as defined 

above or a pharmaceutically acceptable salt thereof. 

Further provided by the present invention is a method for the treatment 

and/or prevention of convulsions (e.g. in a patient suffering from epilepsy or a 

related disorder) which comprises administering to a patient in need of such 
30 treatment an effective amount of a compound of formula I as defined above or a 

pharmaceutically acceptable salt thereof. 

Details of the binding affinity of the claimed compounds, their potentation 

of the GABA EC20 response, measurement of anxiolytic and anticonvulsant 
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activity, and pharmaceutical compositions can be found on pages 27-30 of WOA- 
02074773. 

In another aspect, the present invention provides a method for the 
treatment and/or prevention of cognitive disorders, including dementing 
conditions such as Alzheimer's disease, which comprises administering to a 
patient in need of such treatment an effective amount of a compound of formula I 
as defined above or a pharmaceutical^ acceptable salt thereof. 

Cognitive disorders for which the compounds of the present invention may 
be of benefit include delirium, dementia, amnestic disorders, and cognition 
deficits, including age-related memory deficits, due to traumatic injury, stroke, 
Parkinson's disease and Down Syndrome. Any of these conditions may be 
attributable to substance abuse or withdrawal. Examples of dementia include 
dementia of the Alzheimer's type with early or late onset, and vascular dementia, 
any of which may be uncomplicated or accompanied by delirium, delusions or 
depressed mood; and dementia due to HIV disease, head trauma, Parkinson's 
disease or Creutzfeld- Jakob disease. 

In order to elicit their behavioural effects, the compounds of the invention 
will ideally be brain-penetrant; in other words, these compounds will be capable 
of crossing the so-called "blood-brain barrier*. Preferably, the compounds of the 
invention will be capable of exerting their beneficial therapeutic action following 
administration by the oral route. 

Unit dosage forms comprising the claimed compounds contain from 0.1 to 
about 500 mg of the active ingredient of the present invention. Typical unit 
dosage forms contain from 1 to 100 mg, for example 1, 2, 5, 10, 25, 50 or 100 mg, 
of the active ingredient. 

In the treatment of neurological disorders, a suitable dosage level is about 
0.01 to 250 mg/kg per day, preferably about 0.05 to 100 mg/kg per day, and 
especially about 0.05 to 5 mg/kg per day. The compounds may be administered 
on a regimen of 1 to 4 times per day. 

The compounds in accordance with the present invention may be prepared 
by a process which comprises attachment of the R 1 moiety to a compound of 
formula III- 
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wherein U, V, X 1 , X 2 , Y and Z are as defined above; by conventional alkylation or 
acylation methods. 

5 For instance, where R 1 in the compounds of formula I above represents an 

optionally substituted Ci-e alkyl group, the moiety R 1 may be attached by treating 
the appropriate compound of formula III with a suitable alkyl halide, e.g. 
iodo methane, iodoethane, l-bromo-2-fluoroethane, 2-bromo-l,l-difluoroethane, 1- 
iodo-2,2,2-trifluoroethane or 2-bromopropane, typically in the presence of a base 

10 such as sodium hydride. Similarly, where R 1 represents an optionally substituted 
heteroaryl(Ci-6)alkyl group, the moiety R 1 may be attached by reacting the 
appropriate compound of formula HI with a suitable alkylating agent, e.g. 3- 
chloromethyl-2"methyl-2 J fiT-[l,2,4]triazole or 2-chloromethylpyridine, typically in 
the presence of a base such as sodium hydride. Alternatively, where R 1 in the 

15 compounds of formula I above represents methyl, the methyl group R 1 may be 

attached by treating the appropriate compound of formula III with a strong base 
such as hexamethyldisilazane, followed by chloro(chloromethyl)dimethylsilane; 
and subsequently treating the compound thereby obtained with cesium fluoride. 
Except where X 1 and X 2 both simultaneously represent hydrogen, the 

20 compounds of formula III above are novel compounds and represent a further 
feature of the present invention. 

The compounds of formula HI may suitably be prepared from the 
appropriate methoxy-substituted compound of formula IV: 



WO 2004/041826 



- 15- 



PCT/GB2003/004685 




— Z 



wherein U, V, X 1 , X 2 , Y and Z are as defined above; by treatment with hydrogen 
bromide, typically in acetic acid. 
5 In another procedure, the compounds in accordance with the present 

invention may be prepared by a process which comprises reacting a compound of 
formula V with a compound of formula VI: 




(V) (VI) 

10 

wherein U, V, X 1 , X 2 , Y, Z and R 1 are as defined above, L 1 represents a suitable 
leaving group, and M 1 represents a boronic acid moiety "B(OH)2 or a cyclic ester 
thereof formed with an organic diol, e.g. pinacol, 1,3-propanediol or neopentyl 
glycol, or M 1 represents -Sn(AIk)3 in which Alk represents a Ci-e alkyl group, 

15 typically /rbutyl; in the presence of a transition metal catalyst. 

The leaving group L 1 is typically a halogen atom, e.g. bromo. 
The transition metal catalyst of use in the reaction between compounds V 
and VI is suitably paUadiumdD acetate, in which case the reaction is typically 
accomplished in the presence of triphenylphosphine. The reaction is conveniently 

20 carried out at an elevated temperature in a solvent such as 1,4-dioxane, typically 
in the presence of sodium carbonate. 
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The intermediates of formula V may be prepared by attaching the R 1 
moiety to a compound of formula VIT- 




(VII) 



wherein U, V and L 1 are as defined above; under conditions analogous to those 
described above for attachment of the R 1 moiety to a compound of formula III. 

The intermediates of formula VII may be prepared from the appropriate 
methoxy-substituted precursor of formula VIII: 




(VIII) 



wherein U, V and L 1 are as defined above; by treatment with hydrogen bromide, 
typically in acetic acid. 
15 In a further procedure, the compounds in accordance with the present 

invention may be prepared by a process which comprises reacting a compound of 
formula IX with a compound of formula X: 




(X) 
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wherein U, V, X 1 , X 2 , Y, Z, R 1 and L 1 are as defined above; in the presence of a 
transition metal catalyst. 

The transition metal catalyst of use in the reaction between compounds IX 
5 and X is suitably palladium(II) acetate, in which case the reaction is typically 

accomplished in the presence of triphenylphosphine. The reaction is conveniently 
carried out at an elevated temperature in a solvent such as N,N 
dimethylacetamide, typically in the presence of potassium acetate. 

The intermediates of formula IX where -U-V- is -N=0 may suitably be 
10 prepared by attachment of the R 1 moiety to the compound of formula XT- 




by conventional alkylation or acylation methods. 

15 For instance, where R 1 in the compounds of formula I above represents an 

optionally substituted Ci-6 alkyl group, the moiety R 1 may be attached by treating 
the appropriate compound of formula IX with a suitable alkyl halide, e.g. 
iodomethane, iodoethane, l-bromo-2-Jluoroethane or 2-bromo- 1, 1-difluoroethane, 
typically in the presence of a base such as sodium hydride. Alternatively, where 

20 R 1 in the compounds of formula I above represents methyl, the methyl group R 1 
may be attached by treating the appropriate compound of formula IX with a 
strong base such as hexamethyldisilazane, followed by chloro(chloromethyl)- 
dimethylsilane; and subsequently treating the compound thereby obtained with 
cesium fluoride. 

25 The intermediate of formula XI may be prepared by reacting the 

compound of formula XIL 
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(xn) 



with dimethyKormamide dimethyl acetal, typically by heating in Dowtherm 
A. 

5 The intermediate of formula XII may be obtained from the process 

described in EP-A-0713876. 

The compounds in accordance with the present invention particularly 
those in which -U-V- is -CH=N-, may alternatively be prepared by a process 
which comprises reacting a compound of formula XIII- 

10 




wherein U, V, X 1 , X 2 , Y, Z and R 1 are as defined above; with formic acid. 

The reaction is conveniently accomplished by stirring the reactants at an 
15 elevated temperature, typically at the reflux temperature of the reaction mixture. 
The intermediates of formula XDI may be prepared by reduction of a 
compound of formula XIV- 
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wherein U, V, X 1 , X 2 , Y, Z and R 1 are as defined above. 

The reduction is conveniently effected by treating compound XIV with a 
5 reducing agent, e.g. tin(n) chloride, typically at an elevated temperature in a 
suitable solvent, for example a mixture of ethanol and tetrahydrofuran. 

The intermediates of formula XIV may be prepared by reacting a 
compound of formula XV with a compound of formula XVI: 




wherein U, V, X 1 , X 2 , Y, Z and R 1 are as defined above, and L 1 represents a 

suitable leaving group. 

The leaving group L 1 is typically a halogen atom, e.g. chloro. 
15 The reaction between compounds XV and XVI is conveniently effected by 

heating the reactants, to a temperature typically in the region of 90°C, in the 

presence of a base such as triethylamine, in a solvent such as dimethylsulfoxide. 
In another procedure, the compounds according to the present invention, 

particularly those in which -TJ-V- is -CH=N-, in which Y represents a chemical 
20 bond may be prepared by a process which comprises reacting a compound of 

formula XVII with a compound of formula XVIII: 
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wherein U, V, X 1 , X 2 , Z and R 1 are as defined above, L 2 represents a suitable 
5 leaving group, and M 1 represents a boronic acid moiety -B(OH>2 or a cyclic ester 
thereof formed with an organic diol, e.g. pinacol, 1,3-propanediol or neopentyl 
glycol, or M 1 represents -Sn(Alk)3 in which Alk represents a Ci-e alkyl group, 
typically zrbutyl; in the presence of a transition metal catalyst. 

In the compounds of formula XVII above, the leaving group L 2 is typically 
10 trifluoromethanesulfonyloxy (triflyloxy); or a halogen atom, e.g. bromo. 

The transition metal catalyst of use in the reaction between compounds 
XVII and XVIII is suitably teteakis(triphenylphosphine)-palladixim(0). The 
reaction is conveniently carried out at an elevated temperature in a solvent such 
as A^iV-dimethylacetamide, 1,2-dimethoxyethane, 1,4-dioxane or tetrahydrofuran, 
15 advantageously in the presence of potassium phosphate, copperd) iodide, sodium 
carbonate or cesium carbonate. Alternatively, the transition metal catalyst 
employed may be tris(dibeii2ylideneacetone)dipalladium(0), in which case the 
reaction is conveniently effected at an elevated temperature in a solvent such as 
1,4-dioxane, typically in the presence of tri-ferfrbutylphosphine and potassium 
20 phosphate. 

Alternatively, the compounds according to the present invention, 
particularly those in which -U-V- is -CH=N-, in which Y represents a chemical 
bond may be prepared by a process which comprises reacting a compound of 
formula XIX with a compound of formula XX: 



25 
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2. 



z 



(XIX) 



(XX) 



wherein U, V, X 1 , X 2 , Z, R 1 , L 2 and M 1 are as defined above; in the presence of a 
transition metal catalyst; under conditions analogous to those described above for 
5 the reaction between compounds XVII and XVIDL 

In an additional procedure, the compounds according to the present 
invention, particularly those in which -U-V- is -CH=N~, in which Y represents an 
oxygen atom may be prepared by a process which comprises reacting a compound 
of formula XX as defined above with a compound of formula XXI'- 



wherein U, V, X 1 , X 2 and R 1 are as defined above. 

The reaction is conveniently carried out under basic conditions, e.g. using 
15 sodium hydride in a solvent such as i\£A^dimethylformamide, typically at an 
elevated temperature which may be in the region of 120°C 

In a further procedure, the compounds according to the present invention, 
particularly those in which -U-V- is -CH=N-, in which Y represents a -NH- 



10 




OH 



X 2 



(XXI) 
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linkage may be prepared by a process which comprises reacting a compound of 
formula XX as defined above with a compound of formula XXII: 




5 

wherein U, V, X 1 , X 2 and R 1 are as defined above. 

In relation to the reaction between compounds XX and XXII, the leaving 
group L 2 in the compounds of formula XX may suitably represent fiuoro. 

The reaction between compounds XX and XXII is conveniently carried out 
10 by heating the reactants, typically at a temperature in the region of 120°C, in a 
solvent such as dimethylformamide. 

Where M 1 in the intermediates of formula XVTII and XIX above represents 
a boronic acid moiety -B(OH)2 or a cyclic ester thereof formed with pinacol or 
neopentyl glycol, the relevant compound XVIII or XIX may be prepared by 
15 reacting bis(pinacolato)diboron or bis(neopentyl glycolato)diborane respectively 
with a compound of formula XX or XVII as defined above; in the presence of a 
transition metal catalyst. 

The transition metal catalyst of use in the reaction between 
bis(pinacolato)diboron or bisCneopentyl glycolato)diborane and compound XX or 
20 XVII is suitably dichloro[l,l'-bis(diphenylphosphino)ferrocene]-palladium(IlX. 

The reaction is conveniently carried out at an elevated temperature in a solvent 
such as 1,4-dioxane, optionally in admixture with dimethylsulfoxide, typically in 
the presence of l,l'-bis(diphenylphosphino)ferrocene and/or potassium acetate. 
The intermediates of formula XVII above may be prepared by reacting a 
25 compound of formula XXHT 
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(xxm) 



wherein U, V, X 1 , X 2 , R 1 and L 2 are as defined above; with formic acid; under 
conditions analogous to those described above for the reaction between compound 
5 Xm and formic acid. 

The intermediates of formula XXDI may be prepared by reaction of a 
compound of formula V as defined above with a compound of formula XXIV- 



wherein X 1 , X 2 and L 2 are as defined above; under conditions analogous to those 
described above for the reaction between compounds XV and XVI; followed by 
reduction of the nitro group in the resulting compound, under conditions 
analogous to those described above for the reduction of the nitro group in 
15 compound XTV. 

Where L 2 in the intermediates of formula XVII above represents triflyloxy, 
the relevant compound XVII may be prepared by reacting the appropriate 
compound of formula XXI as defined above with triflic anhydride, typically in the 
presence of pyridine. 

20 The intermediates of formula XXI above may suitably be prepared from 

the appropriate methoxy-substituted precursor of formula XXV: 




NH 2 



X 2 



(XXIV) 



10 
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10 




OCH 3 



(XXV) 



wherein U, V, X 1 , X 2 and R 1 are as defined above; by treatment with boron 
tribromide, typically in chloroform or dichloromethane; or with hydrogen 
bromide, typically in acetic acid at reflux. 

The intermediates of formula XXH and XXV above may be prepared by 
reacting a compound of formula XV as defined above with the appropriate 
compound of formula XXVI: 



NH 0 




wherein X 1 and X 2 are as defined above, and Y 1 represents amino or methoxy; 

under conditions analogous to those described above for the reaction between 
15 compounds XV and XVI; followed by reduction of the nitro group in the resulting 

compound, under conditions analogous to those described above for the reduction 

of the nitro group in compound XIV; followed by reaction of the product thereby 

obtained with formic acid, under conditions analogous to those described above 

for the reaction between compound Xill and formic acid. 
20 The compounds according to the invention in which Y represents a 

chemical bond and Z represents pyrrol- 1-yl may be prepared by reacting a 
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compound of formula XXII as defined above with 2,5-dimethoxy-tetrahydrofuran. 
The reaction is conveniently accomplished at an elevated temperature in a 
solvent such as acetic acid. 

The intermediates of formula HI, IV, V, VII, VIII and IX wherein 
5 -U-V- represents -CH2-CH2- may be prepared from the corresponding compound 
wherein -U-V- represents -CH=CH- by catalytic hydrogenation. 

The compounds of formula IV, VI, VTH, IX and X may conveniently be 
prepared by the procedures described in WO 02/10170, or by methods analogous 
thereto. 

10 Where they are not commercially available, the starting materials of 

formula XV, XVI, XX, XXIV and XXVI may be prepared by methods analogous to 
those described in the accompanying Examples, or by standard methods well 
known from the art. 

It will be understood that any compound of formula I initially obtained 
15 from any of the above processes may, where appropriate, subsequently be 

elaborated into a further compound of formula I by techniques known from the 
art and detailed on pages 40-42 of WOA-02074773. A compound of formula I 
wherein -U-V- represents -CH=CH- may be converted into the corresponding 
compound wherein 
20 -U-V- represents -CH2-CH2- by catalytic hydrogenation. 

Mixtures of products may be purified and intermediates protected as 
described on pages 42-43 of WOA-02074773. 

The compounds of the accompanying Examples were tested in the assay 
described on pages 43 and 44 of WOA-02074773, and aU were found to possess a 
25 Ki value for displacement of [ 3 H]-flumazenil from the a2 and/or ct3 and/or a5 
subunit of the human GABAa receptor of 100 nM or less. 

The following Examples illustrate the preparation of compounds according 
to the invention. 

30 EXAMPLE 1 2 , -Fluoro-5 f -(7-methvl-B-oxo-7.8- dihvdroimidazori.2- 

glpyrazin-S-vD-binhenvl-^-carbonitrile 
A suspension of 2,3-dichloropyrazine (35 g, 0.23 mol) in 25% aqueous 
ammonia (200 ml) was heated at 100°C for 12 h in a PTFE-lined pressure reactor 
(terminal pressure 100 psi). The reaction was cooled to ambient temperature and 
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the resulting crystalline solid collected by filtration. This solid was triturated 
with water (150 ml) and dried to afford 2-amino-3-chloropyrazine as a buff- 
coloured crystalline solid (28 g, 92%): 6h (400 MHz, DMSO) 6.78 (2H, br s), 7.56 
(lH, d, J2.5), 7.95 (lH, d, J2.5). 
5 Bromoacetaldehyde diethyl acetal (45 ml, 0.29 mol) was treated with 

water (33 ml) and 48% hydrobromic acid (33 ml) and this mixture was heated at 
95°C for 90 min. The reaction was cooled, diluted with propan-2-ol (300 ml) and 
treated with sodium hydrogencarbonate (33 g) added in portions. This mixture 
was stirred for 30 min then filtered. The filtrate was treated with 2-amino-3- 
10 chloropyrazine (25 g, 0.19 mol) and then heated at 90°C for 16 h. The reaction 
was cooled to ambient temperature, concentrated to about one-third volume and 
then treated with 48% hydrobromic acid (25 ml). More propan-2-ol (300 ml) was 
added and the mixture aged for 1 h. The resulting solid was collected by 
filtration, washed with propan-2-ol and then dissolved in water (500 ml). This 
15 solution was made basic by adding solid sodium hydrogencarbonate and then 

extracted with chloroform (3 x 250 ml). The organics were combined, dried over 
anhydrous magnesium sulphate, filtered and concentrated to give a solid. 
Trituration with diethyl ether afforded 8-chloroimidazo[l,2-a]pyrazine as an off- 
white solid (18.6 g, 63%): 5h(360 MHz, DMSO) 7.73 (lH, d, J 4.5), 7.87 (lH, d, J 
20 1), 8.28 (1H, d, Jl\ 8.67 (lH, d, ^4,5). 

A cooled (0°C) suspension of 8-chloroimidazo[l,2-a]pyrazine (18.6 g, 0.12 
mol) and sodium acetate (29.8 g, 0.36 mol) in methanol (125 ml, pre-saturated 
with solid potassium bromide) was treated with bromine (6.5 ml, 0.13 mol) added 
dropwise over 5 min. After stirring for 10 min thin-layer chromatography 
25 indicated no starting material. Solid sodium sulphite (15.3 g, 0.12 mol) was then 
added to the slurry and stirring continued for 10 min. The mixture was then 
treated with saturated aqueous sodium hydrogencarbonate (650 ml) added in 
portions. This mixture was extracted with dichloromethane (2 x 350 ml). The 
organics were combined, dried over anhydrous magnesium sulphate, filtered and 
30 concentrated to afford 3-bromo-8-cMoroimidazo[l,2-dpyrazine as a cream- 
coloured solid: 5h(400 MHz, CDCb) 7.82 (lH, d, J4.5), 7.83 (lH, s), 8.05 (lH, d, J 
4,5). This solid was suspended in i:i dichloromethane/methanol (150 ml) and 
treated with solid sodium methoxide (9.8 g, 0.18 mol). The resulting mixture was 
then stirred at 40°C for 2 h. The reaction was cooled, diluted with water (750 ml) 
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then extracted with dichloromethane (600 ml). The organics were dried over 
anhydrous magnesium sulphate, filtered and concentrated to give 3-bromo-8- 
methoxyimidazo[l,2-dpyrazine as a white solid (24.5 g, 89% over 2 steps): 5h(360 
MHz, DMSO) 4.06 (3H, s), 7.57 (lH, d, J4.5), 7.81 (1H, s), 8.03 (1H, d, J4.5). 
5 A mixture of the above product (680 mg, 3 mmol) and 2 / -fluoro-5'-(4,4,5,5- 

tetramethyl-[l,3,2]dioxaborolan-2-yl)-biphenyl-2-carbonitrile (prepared as 
described in WO 02/074773) (1.45 g, 4.5 mmol) in tetrahydrofuran (9 ml) was 
treated with 2M sodium carbonate (3 ml) then degassed with nitrogen for 10 min. 
TetraMs(triphenylphosphine)palladium(0) (100 mg, 0.09 mmol) was added and 

10 this mixture was heated under reflux for 12 h. The reaction was cooled and the 
majority of the solvent removed on a rotary evaporator. The residue was 
partitioned between dichloromethane and water. The organics were washed with 
water, brine, dried over anhydrous magnesium sulphate, filtered and 
concentrated In vacuo. Purification of the residue by chromatography on silica 

15 gel eluting with 2% methanol in dichloromethane gave 2'-fluoro-5'-(8- 

methoxyimidazo[l,2-a]pyra2in-3-yl)-biphenyl-2-carbonitrile as a cream solid (768 
mg, 74%): 8 H (400 MHz, CDCla) 4.19 (3H, s), 7.38-7.46 (2H, m), 7.53-7.64 (4H, m), 
7.71 (1H, td, J 8 and 1.5), 7.73 (1H, s), 7.85 (lH, dd, J 8 and l), 8.02 (lH, d, e/4.5); 
inte(ES + )345 IM+HK 

20 A suspension of the above product (750 mg, 2.2 mmol) in hydrogen 

bromide (30 wt % in acetic acid, 10 ml) was heated at 95°C for 45 min The 
reaction was cooled, poured into ice water and neutralised by the addition of solid 
sodium hydrogencarbonate. The resulting solid was collected by filtration and 
air-dried, then triturated with ether, to afford 2'-fluoro-5'-(8-oxo-7,8- 

25 dihydroimidazo[l,2-dpyrazin-3-yl)biphenyl-2-carbonitrile as a cream-coloured 

solid (550 mg, 76%): 6h (360 MHz, DMSO) 6.92 (lH, t, J6), 7.49 (lH, d, J5\ 7.60- 
7.71 (2H, m), 7.75-7.89 (5H, m), 8.03 (1H, dd, J7 and 0.5), 11.38 (lH, d, J5.5); 
/nMES + ) 331 IM+HK 

A suspension of the above product (250 mg, 0.75 mmol) in acetonitrile (10 

30 ml) was treated with l,l,l*,3,3,3-hexamethyldisilazane (90 pi, 0.41 mmol) and 
then heated at reflux for 2 h. The resulting gel-like mixture was diluted with 
acetonitrile (5 ml) then treated with cMoro(chloromethyl)-dimethylsilane (110 pi, 
0.83 mmol) and heating at reflux continued for 24 h. The reaction was cooled, the 
acetonitrile removed in vacuo and the residue treated with 1,2-dimethoxyethane 
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(12 ml). Caesium fluoride (160 mg, 1-4 mmoD was then added and the reaction 
heated at reflux for 6 h. After cooling to ambient temperature the mixture was 
dissolved in 1-1 dichloromethane/methanol and pre-adsorbed onto silica. 
Purification by chromatography on silica eluting with 4% methanol in 
5 dichloromethane (containing 0.5% ammonia) followed by 8% methanol in 

dichloromethane (containing 0.5% ammonia) gave the title compound (65 mg, 
25%): Sh (400 MHz, DMSO) 3.47 (3H, s), 7.19 (lH, d, J6\ 7.57-7.88 (8H, m), 8.04 
(1H, dd, J 8 and l); mlz (ES + ) 345 [M+H] + . 

10 EXAMPLE 2 5'-(7-Ethvl- ft-^-7,*-di^ 
fluorobiphenvl-2-carbonitrile 
A suspension of 2 f -fluoro-5 f -(8-oxo-7,8-dihydroimidazo[l,2-alpyrazin-3- 
yl)biphenyl-2-carbonitrile (50.0 mg, 0.51 mmol) in 1,2-dimethoxyethane (2 ml) 
and JV; AFdimethylformamide (0.5 ml) was treated with sodium hydride (6.4 mg of 

15 a 60% dispersion in mineral oil, 0.16 mmol). After stirring at ambient 

temperature for 10 min, lithium bromide (26.3 mg, 0.30 mmol) was added, and 
stirring continued for 15 min. Iodoethane (24.2 jil, 0.30 mmol) was added and the 
solution heated at 65°C for 18 h. Water (15 ml) was added and the resulting 
mixture was extracted with dichloromethane (3 x 10 ml). The combined organic 

20 layers were washed with water (10 ml), saturated sodium chloride solution (10 

ml), dried over anhydrous magnesium sulphate then concentrated in vacuo. The 
crude product was purified by flash chromatography on silica gel, eluting with 2% 
methanol in dichloromethane. Crystallisation from methanol afforded the title 
compound as a white solid (23.9 mg, 44%): 8h (500 MHz, CDCla) 1.38 (3H, t, J 

25 7.2), 4.06 (2H, q, <77.2), 6.72 (lH, d, ^5.9), 7.39 (lH, t, </9.3), 7.44 (1H, d, ,75.9), 
7.53-7.61 (5H, m), 7.69-7.73 (lH, m), 7.84 (lH, d, J7.3); m/z(ES+) 359 EM+HK 

Examples 3 and 4 are made by the method of Example 2 using l-bromo-2- 
fluoroethane and 2-bromo-l,l-diiluoroethane respectively. 



30 
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EXAMPLE 3 2^Muoro-5 / -r7-(2-fluoroethvl)-8-oxo -7 ft^ih Y Hrviim^fl^ 
[l>2-a1pvrazin-3-yl]biphenvl"2-carbonitrile 
8h (500 MHz, CDCls) 4.27 (1H, t, e/4.5), 4.32 (1H, t, e/4.5), 4.71 (lH, t, J 
4.4), 4.81 (1H, t, J4.5), 6.80 (lH, d, J5.9), 7.40-7.43 (2H, m), 7.53-7.61 (4H, m), 
5 7.63 (1H, s), 7.69-7.73 (lH, m), 7.85 (lH, d, .77.7); mlz (ES + ) 377 [M+HK 

EXAMPLE 4 5 r -r7-(2.2-DifluoroethvD -ft-n^n-7 1 ft^ih v droimidazo 
[l , 2- ^]pyrfl y,in - 3-vl] -2'-fluorobiphenvl-2-carbonitrile 
5h (500 MHz, CDCla) 4.31 (2H, td, J\Z and 4.4), 6.14 (lH, tt, J56 and 4.4), 
10 6.74 (1H, d, 6.1), 7.41 (lH, t, e/9.3), 7.46 (lH, d, e/6.1), 7.55-7.60 (4H, m), 7.65 
(1H, s), 7.70-7.73 (lH, m), 7.85 (lH, d, J7.l); mlz (ES + ) 395 IM+HK 

EXAMPLE 5 4,2 f -Difluoro-5 f -(7-methvl-8-oxo-7.8-dihvdroimidazo 
ri.2-dpyrazin-3-vD'biphenvl-2-carbonitrile 

15 A suspension of 3-bromo-8-methoxyimidazo[l,2-a]pyrazine (1.6 g, 7 mmoD 

in hydrogen bromide (30 wt % in acetic acid, 15 ml) was heated at 80°C for 90 
min. The reaction was cooled, diluted with water (75 ml) then neutralised with 
solid sodium hydrogencarbonate. The resulting solid was collected by filtration, 
washed with water then dried tinder vacuum to afford 3"bromo-7if-imidazo[l,2- 

20 dpyrazin-8-one as a white powder: 5h(360 MHz, DMSO) 6.99 (lH, d, ,75.6), 7.29 
(1H, d, c/5.6), 7.62 (1H, s). This powder was suspended in N 9 N- 
dimethylformamide (15 ml) then treated with sodium hydride (203 mg of a 60% 
dispersion in mineral oil, 8.4 mmol). The resulting mixture was heated at 60°C 
for 20 min then treated with iodomethane (870 \d 7 14 mmol). After stirring for 15 

25 min the reaction was cooled, diluted cautiously with water (150 ml) and then 
extracted with dichloromethane (2 x 100 ml). The organics were combined, 
washed with water, dried over anhydrous magnesium sulphate, filtered and 
concentrated under high vacuum. The residue was triturated with diethyl ether 
and the resulting solid collected by filtration to furnish 3 -bromo - 7- methyl- 1H' 

30 imidazo[l,2-alpyrazin-8-one as a white solid (1.4 g, 88% over 2 steps): 8h (360 
MHz, DMSO) 3.45 (3H, s), 7.28 (lH, d, J6), 7.39 (lH, d, c/5.6), 7.62 (lH, s). 

A mixture of the above product (171 mg, 0.75 mmol), 4,2'-difluoro-5'-(5,5- 
dimethyl-[l,3,2]dioxaborinan-2-yl)biphenyl-2-carbonitrile (prepared as described 
in WO 02/074773) (392 mg, 1.2 mmol), palladium(n) acetate (7 mg, 0.03 mmol) 
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and triphenylphosphine (8 mg, 0.03 mmol) in 1,4-dioxane (3 ml) and 2M aqueous 
sodium carbonate (0.75 ml) was heated at 80°C for 3 h. The reaction was cooled 
then diluted with ethyl acetate (25 ml). The mixture was extracted with 4N 
hydrochloric acid (25 ml) and the organics discarded. The aqueous was washed 
5 with ethyl acetate, filtered through GF/A glass microfibre filter paper and the 

filtrate made basic with solid sodium hydrogencarbonate. The resulting solid was 
collected by filtration, triturated with water and dried under high vacuum to 
afford the title compound as a cream-coloured solid (175 mg, 64%): 8h (500 MHz, 
DMSO) 3.47 (3H, s), 7.19 (1H, d, JG.0), 7.57-7.61 (2H, m), 7.72 (1H, s), 7.76-7.86 
10 (4H, m), 8.08 (lH, dd, J9 and 3); mlz (ES + ) 363 [M+H] + . 

Examples 6 to 11 were made by the method of Example 5. 

EXAMPLE 6 4'-Muoro-3 , -(7-methv1-8-oxo-7.8- dihvdroimidazo 

15 fl.2-alpvra?iiTi-3-vl)-bi phenvl-2-carbomtrile 

4'-Fluoro-3 , -(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)biphenyl-2- 
carbonitrile was coupled to give the title compound as an off-white solid (40 mg, 
24%): 5h (400 MHz, de-DMSO) 3.48 (3H, s), 7.20 (lH, d, J 6), 7.43 (lH, dd, JG and 
2), 7.61-7.66 (2H, m), 7.72-7.86 (5H, m), 8.01 (1H, dd, J8 and l); jmte(ES + ) 345 

20 IM+HK 

EXAMPLE 7 R'-Fluoro-3 , -(7-methvl-8-oxo-7.8- dihvdroimidazo 
fl.2-fl1pvrazin-3-vD-biphenvl-2-carbonitrile 
5 , -Fluoro-3'-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)biphenyl-2- 
25 carbonitrile was coupled to give the title compound as an off-white solid (50 mg, 
29%): 8h (400 MHz, de-DMSO) 3.48 (3H, s), 7.22 (lH, d, JG), 7.59-7.70 (5H, m), 
7.79-7.87 (2H, m), 7.80 (lH, s), 8.03 (lH, dd, J8 and l); m/*(ES + ) 345 [M+H] + . 

EXAMPLE 8 2.2 , -Difluoro-5 > -(7-methvl-8-oxo-7 ,«-^^Y^ irn ^^ fl?:n 
30 ri.2-a]pvrazin-3-vD-biphenvl-4 -carbonitrile 

2,2'-Difluoro-5'-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)biphenyl-4- 
carbonitrile (prepared in the same way as in Example 19) was coupled to give the 
title compound as an off-white solid (30 mg, 16%): 5h (400 MHz, de-DMSO) 3.48 
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(3H, s), 7.18 (1H, d, J6), 7.59-7.61 (2H, m), 7.73 (1H, s), 7.75-7.82 (2H, m), 7.87- 
7.88 (2H, m), 8.05 (1H, d, J10)l xn/*(ES + ) 363 IM+H]+ 

EXAMPLE 9 7-Ethvl-3-f 4-fliin™-3-(2-methvl-2/ r- h .2.4ltriazol-3- 
5 vlmethoxv)phenvn-7.H : iinidazofl.2-alpvrazin-8-one 

3-Bromo-7-ethyl-7iy-imidazo[l,2-a]pyrazin-8-one and 4-fluoro-3-(2-methyl- 
2/?[l,2,4]triazol-3-ylmethoxy)benzeneboronic acid were coupled to give the title 
compound as a white solid (43 mg, 23%): 8h (400 MHz, de-DMSO) 1.26 (3H, t, JT), 
3.94 (3H, s), 3.96 (2H, s), 5.52 (2H, s), 7.22-7.26 (2H, m), 7.44 (lH, dd, Jll and 8), 
10 7.55 (1H, d, J6), 7.64 (lH, dd, J8 and 2), 7.66 (1H, s), 7.98 (1H, s); wlz (ES + ) 369 
[M+H] + . 

EXAMPLE 10 fi.2 , -Difluoro-5 , -(7-metTivl-8-oxo-7 -8-Hihvdroimidazo 
f i ,9- a]pyrfl9iin-a- vl)-biphenvl-2-carbonitrile 
15 6,2'-Difluoro-5'-(5,5-dimetbyl-[l,3,2]<noxaborinan-2-yl)bipbenyl-2- 

» 

carbonitrile was coupled to produce the title compound: 8h (400 MHz, CDCla) 3.59 
(3H, s), 6.71 (1H, d, J"6.0), 7.37-7.67 (8H, m); mMES + ) 363 [M+HJ+. 

EXAMPLE 11 4.2 , -Difluom-fi , -(7-ethv 1-8-oxo-7.8-f>ihvdToimidazo 
20 fl.2-fl]pvra!zin-3-vl>biphenvl-2-c arbonitrile 

3-Bromo-7/i r -imidazo[l > 2-«lpyrazin-8-one (prepared as described in 
Example 5, 1.5 g, 7 mmol) was suspended in J^iV^dimethylformamide (15 ml) 
then treated with sodium hydride (420 mg of a 60% dispersion in mineral oil, 10.5 
mmol). The resulting mixture was heated at 60°C for 20 min then treated with 
25 iodoethane (840 pi, 10.5 mmol). After stirring for 40 min the reaction was cooled, 
diluted cautiously with water (150 ml) and then extracted with dichloromethane 
(2 x 100 mD. The organics were combined, washed with water, dried over 
anhydrous magnesium sulphate, filtered and concentrated under high vacuum. 
The residue was triturated with diethyl ether and the resulting solid collected by 
30 filtration and recrystallized from ethyl acetate/methanol to furnish 3-bromo-7- 
ethyl-7i?-imidazo[l,2-alpyrazin-8-one as a white solid (0.34 g)-' 5h (400 MHz, 
BMSO) 1.23 (3H, t, JT), 3.94 (2H, q, Jl), 7.31 (lH, d, J6), 7.41 (lH, d, J 6), 7.62 
(1H, s); m/s(ES + ) 244 and 242 [M+H] + . 
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Reaction of the above product under the same Suzuki coupling conditions 
as described in Example 5 gave the title compound after recrystallization from 
ethyl acetate/dichloromethane: 8h (400 MHz, DMSO) 1.25 (3H, t, J7.l), 3.96 (2H, 
q, J7.1), 7.22 (1H, d, J-6.0), 7.57-7.61 (2H, m), 7.72 (lH, s), 7.76-7.84 (4H, m), 
5 8.07 (1H, dd, J 8.6 and 2.7); mlz (ES + ) 377 [M+H] + 5 Found C, 66.87; H, 3.545 N, 
14.62. C21H14F2N4O requires C, 67.02; H, 3.75; N, 14.89%. 

Examples 12 to 18 were prepared in the same way as Example 10. 

10 KXAMPLE 12 4.2 > -Difluoro -R , -f'7-(9^-HifluQroethvl)-8-oxo-7,8- 

,1^ Y^^Tn^ay-ori.2-fllpvrag:in-3-vllbi phenvl-2-carbonitrile 
The title compound was prepared using 2-bromo-l,l-difluoroethane: 8h 
(400 MHz, DMSO) 4.44 (2H, td, J13 and 4.4), 6.36 (lH, tt, .756 and 4.4), 7.19 
(1H, d, ^6.1), 7.60-7.65 (2H, m), 7.74-7.86 (5H, m), 8.08 (lH, dd, JS.6 and 2.7); 
15 mlz (ES + ) 413 lM+H] + ; Found C, 60.88; H, 2.97; N, 13.38. C21H12F4N4O requires C, 
61.17; H, 2.93; N, 13.59%. 

EXAMPLE 13 4.2 , -Difluorn-f> > -r7-(l-m ethvlethvl)-8-oxo-7,8- 

HihvHrnimiHfly^ri.2-fl1nvrazin-3-v l1biphenvl-2-carbonitrile 
20 The title compound was prepared using 2-bromopropane: 8h (400 MHz, 

DMSO) 1.33 (6H, d, .76.8), 5.11 (lH, m), 7.20 (lH, d, ^6.1), 7.56-7.63 (2H, m), 
7.74 (1H, m), 7.61-7.84 (4H, m), 8.06 (lH, dd, .78.7 and 2.6); mlz (ES + ) 391 
[M+H] + ; Found C, 68.00; H, 4.045 N, 14.03. C22H16F4N4O requires C, 67.79; H, 
4.13; N, 14.35%. 

25 

EXAMPLE 14 4.2 > -Difluorn-fi , -f7-(2-fluoroethvl)- 8-oxo-7.8- 

^iVivHroimidazori.2-a1pvrazin-3- vl1biphenvl-2-carbonitrile 
The title compound was prepared using l-bromo-2-fluoroethane instead of 
iodoethane: 8h (400 MHz, DMSO) 4.25 (lH, t, «f4.5), 4.31 (lH, t, J4.5), 4.65 (lH, 
30 t, J-4.5), 4.77 (1H, t, ^4.5), 7.18 (lH, d, ^6.0), 7.59-7.62 (2H, m), 7.74 (lH, m), 
7.75-7.85 (4H, m), 8.07 (lH, dd, JS.l and 2.6); m/z(ES+) 395 [M+H] + 5 Found C, 
63.49; H, 3.275 N, 13.96. C21H13F3N4O requires C, 63.96; H, 3.325 N, 14.21%. 
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EXAMPLE 15 4.2'-DifluorQ-5 , -r7-(2.2.2-tri£Luoroe^ vlV«-oxo-7.8- 

^iViYHmim idazori.2-a1pvrazin-3- vnbiphenv1-2-carbonitrile 
The title compound was prepared using l-iodo-2,2,2-trifluoroethane: 8h 
(400 MHz, DMSO) 4.90 (2H, q, J9.2), 7.20 (1H, d, J6.0), 7.60-7.66 (2H, m), 7.75- 
5 7.85 (5H, m), 8.06 (lH, dd, J 8.1 and 2.6); wlz (ES + ) 431 [M+H] + . 

EXAMPLE 16 4.2 > -Difluoro-5 > -r7-(2-met >iv1-2 J g-ri.2.4ltriazol-3-Ylmethy])- 
a-nvA-7 ft^iH y <lmiiniHa y.nri .2-;9lpvr azm-3-vl1biphenvl-2- 
carbonitrile 

10 The title compound was prepared using 3-chloromethyl-2-methyl-2/f- 

[l,2,4]triazole: 6h (400 MHz, DMSO) 3.96 (3H, s), 5.35 (2H, s), 7.28 (lH, d, J 6.0), 
7.62-7.64 (2H, m), 7.75-7.84 (6H, m), 8.06 (lH, dd, ^8.6 and 2.7); m/s(ES + ) 444 
IM+H] + ; Found C, 62.48; H, 3.67; N, 21.98. C23H16F2N7O requires C, 62.305 H, 
3.41; N, 22.11%. 

15 

EXAMPLE 17 4.2'-Dmuoro-5'-r8-oxo-7- (pvridin-2-vlmethvl)-7,8- 

^^ Y HrmmiH a?; nfl.2-.fllDvrazi n-3-vl)biphenvl-2-carbomtrile 
The title compound was prepared using 2-chloromethylpyridine 
20 hydrochloride: 8h (400 MHz, DMSO) 5.26 (2H, s), 7.28-7.35 (3H, m), 7.61-7.63 
(2H, m), 7.76-7.86 (6H, m), 8.06 (lH, dd, ^8.6 and 2.7), 8.50 (lH, m); m/^(ES + ) 
440 [M+H] + ; Found C, 68.19; H, 3.48; N, 15.69. C25H16F2N5O requires C, 68.33; H, 
3.44; N, 15.94%. 

25 EXAMPLE 18 6,2'-Difluoro-5'-(7-ethvl-8-oxo-7,8-dihvdroimidazo 

ri.2-fl1pvrazin-3-vD-biphenvl-2-carbonitrile 
This compound was prepared using 6,2'-difluoro-5'-(5,5-dimethyl- 
[l,3,2]dioxaborinan-2-yl)biphenyl-2-carbonitrile in the final step: 8 H (400 MHz, 
CDCb) 1.38 (3H, t, J-7.1), 4.04 (2H, q, J"7.l), 6.72 (lH, d, J"6.0), 7.38-7.67 (8H, m); 
30 adz (ES + ) 377 [M+EQ-. 
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EXAMPLE 19 3-CMoro-2'-fluoro-5'-(7-methvl-8-oxo-7.8- 
dihvd roimirifl fro[l.2-a1pvr^ 
A mixture of 4-bromo-2-chlorobenzordtrile (2.2 g, 10 mmol) and 2- 
fluorobenzeneboronic acid (1.82 g, 13 mmol) in tetrahydrofuran (30 ml) was 
5 treated with 2M sodium carbonate (13 ml) then degassed with nitrogen for 10 
min. TetraMs(triphenylphosphine)palladium(0) (0.58 g, 0.5 mmol) was added 
and this mixture was heated under reflux for 12 h. The resulting mixture was 
partitioned between dichloromethane and water. The organics were washed with 
water, brine, dried over anhydrous magnesium sulphate, filtered and 

10 concentrated in vacuo. Purification of the residue by chromatography on silica 

gel eluting with isohexane on a gradient of ethyl acetate (5-15%) gave 3-chloro-2'- 
fluorobiphenyl-4-carbonitrile as a white solid (2,3 g, 99%): 5 H (400 MHz, CDCls) 
7.17-7.57 (5H, m), 7.64-7.75 (2H, m). 

To a slurry of the above product (2.3 g, 10 mmol) and l,3-dibromo-5,5- 

15 dimethylhydantoin (3.1 g, 11 mmoD in acetonitrile (20 ml) was added 

concentrated sulphuric acid (0.8 ml). The slurry was warmed to 70°C and the 
resulting solution stirred at 70°C for 16 h. After 16 h, the reaction was complete. 
Water (75 ml) was added and the resulting suspension was filtered and dried, to 
give 5 / -bromo-3-chloro-2'-fluorobiphenyl-4-carbonitrile as an off-white solid (3.1 g, 

20 98%): 8h (360 MHz, CDCls) 7.07-7.17 (lH, m), 7.29-7.76 (5H, m). 

The above product (0.6 g, 2 mmol), 4,4,5,5, 4 f ,4 f ,5',5 # -octamethyl- 
[2,2']bi{[l,3,2]dioxaborolanyl} (0.6 g, 2.4 mmol) and potassium acetate (0.39 g, 4 
mmol) were suspended in 1,4-dioxane (6 ml) and the mixture was degassed with 
nitrogen for 10 minutes, before adding l,l'-bis(diphenylphosphino)ferrocene- 

25 dichloropalladiumOD complex with dichloromethane (0.05 g, 0.06 mmol). The 
resulting mixture was heated at 90°C for 12 h. The mixture was cooled to 
ambient temperature, filtered and the filter-cake washed with dichloromethane. 
The filtrate was evaporated to dryness and the residue stirred with ice-cold 2N 
sodium hydroxide (70 ml) for 20 minutes. The aqueous mixture was filtered and 

30 the filtrate washed with diethyl ether (2 x 50 ml). The organics were discarded 
and the aqueous phase cooled to 0°C before lowering the pH to 6 by addition of 
36% hydrochloric acid. The product was extracted into diethyl ether to give 3- 
cMoro-2'-fluoro-5'-(4,4,5,5-teti^ 
carbonitrile as a yellow oil (0.53 g, 74%). 
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3-Bromo-7-methyl-7^imidazo[l,2-dpyrazin-8-one and the above product 
were coupled in the same way as in Example 5 to give the title compound as an 
off-white solid (50 mg, 26%): 5h (360 MHz, de-DMSO) 3.48 (3H, s), 7.18 (1H, d, J 
6), 7.56-7.59 (2H, m), 7.70-7.90 (2H, m), 8.12 (2H, dd, J 8 and 3); /2z/^(ES + ) 379 
5 DM+Rh 

EXAMPLE 20 S-r4-Fluoro-3-(l-methvl "lJy-ri.2.3ltriazol-4-ylmethoxv) 
p henvl1-7-methvl-7g-imidazo[l ^2^1nvrazin-8'one 
A cooled (-20°C) solution of 2,2,6,6-tetramethylpiperidine (28 ml, 165 
10 mmol) in tetrahydrofuran (400 ml) was treated with /rbutyllithium (63 ml of a 
2.5M solution in hexanes, 157.5 mmol). This mixture was then cooled to -78°C. 
l-Bromo-4-fluorobenzene (16.5 ml, 150 mmol) was then added neat and dropwise 
over 10 min and stirring at -78°C was continued for 3 h. Triisopropyl borate (40 
ml, 172.5 mmol) was then added and stirring at -78°C continued for 30 min before 
15 removing the cooling bath. When the internal temperature of the reaction 
reached -40°C, 5N hydrochloric acid was added (75 ml) and the mixture was 
stirred to ambient temperature. After stirring at ambient temp for 1 h the 
majority of the tetrahydrofuran was removed and the mixture partitioned 
between ether (500 ml) and IN hydrochloric acid (500 ml). The organics were 
20 then extracted with 2N sodium hydroxide (400 ml) and the organics were 

discarded. The aqueous was cooled in an ice-water bath and 5N hydrochloric acid 
(150 ml) was added dropwise over 15 min. The resulting white solid was collected 
and dried under vacuum to afford 5-bromo-2-fluorobenzeneboronic acid (25 g, 
76%). 

25 A solution of the above product (25 g, 114 mmol) in tetrahydrofuran was 

treated with hydrogen peroxide (7.8 ml of a 35 wt % solution in water) then with 
sodium hydroxide (1.4 ml of a 4N solution in water). A mild exotherm caused the 
internal temperature to reach 40°C. This mixture was left to stir at ambient 
temperature for 14 h then treated with manganese dioxide (200 mg) and stirring 

30 was continued for 90 min before filtering the reaction (GF/A filter paper). The 
filtrate was concentrated on a rotary evaporator and the residue partitioned 
between ether (400 ml) and water. The organics were washed with more water, 
brine and dried over anhydrous magnesium sulphate. Filtration and evaporation 
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to dryness afforded 5-bromo-2-fluorophenol (19.7 g, 90%) as a colourless liquid: 8 H 
(400 MHz, de-DMSO) 6.93-6.97 (1H, m), 7.09-7.14 (2H, m), 10.36 (1H, br). 

An ice-cooled solution of the above product (1.91 g, 10 mmol), (l-methyl- 
li?[l,2,3]triazol-4-yDmethanol (1.24 g, 11 mmol) and triphenylphosphine (3.93 g, 
5 15 mmol) in tetrahydrofuran (50 ml) was treated dropwise with diisopropyl 
azodicarboxylate (3.03 g, 15 mmol) over 10 min. The resulting mixture was 
stirred to ambient temperature over 12 h and then glacial acetic acid (1 ml) was 
added. The reaction mixture was concentrated in vacuo then partitioned between 
ethyl acetate and 0.01N sodium hydroxide solution. The organics were washed 
10 with water, brine, dried over anhydrous magnesium sulphate and concentrated to 
give an oil. This oil was purified by chromatography on silica gel eluting with 
isohexane on a gradient of ethyl acetate (20-50%). Product-containing fractions 
were concentrated and the resulting residue triturated with 10% ether in 
isohexane to furnish 4- (5-bromo- 2 -fluorophenoxymethyl) - l-methyl-li? 
15 [l,2,3]triazole as a white solid (1.9 g, 66%): 8 H (360 MHz, de-DMSO) 4.06 (3H, s), 
5.25 (2H, s), 7.10-7.20 (2H, m), 7.55-7.70 (lH, m), 8.19 (1H, s). 

The above product was converted to 4-fluortr3-(l-methyl-ljff 1 [1,2,3] triazol- 
4-ylmethoxy)- benzeneboronic acid as described in Example 19: S H (400 MHz, de- 
DMSO) 4.06 (3H, s), 5.19 (2H, s), 7.16 (lH, dd, ,712 and 8), 7.38-7.41 (lH, m), 7.71 
20 (1H, dd, J9 and l), 8.09 (2H, s), 8.16 (1H, s). 

The above product was coupled as described in Example 5 to afford the 
title compound as a white solid: 8h (400 MHz, de-DMSO) 3.48 (3H, s), 4.06 (3H, s), 
5.35 (2H, s), 7.17-7.21 (2H, m), 7.39 (lH, dd, Jll and 8), 7.55 (lH, d, J6), 7.60 
(1H, dd, J 8 and 2), 7.67 (lH, s), 8.22 (1H, s); wlz (ES + ) 355 [M+H] + . 

25 

EXAMPTJTC 21 3-r4-Fluoro-3-(2-methvl-2g-ri.2.4lt riazol-3-vlmethoxv) 
phenvl1-7-methvl-7^r-imidazo[l.2-a1pvraz in-ft-oTie 
A cooled (0°C) solution of 5-bromo-2-fluorophenol, (2-methyl-2.fr- 
[l,2,4]triazol-3-yl)methanol and triphenylphosphine in tetrahydrofuran was 
30 treated dropwise with diisopropyl azodicarboxylate over 10 min. The resulting 
mixture was stirred overnight and then acetic acid was added. The reaction 
mixture was evaporated to dryness and the residue was partitioned between 
ethyl acetate and 0.01N sodium hydroxide solution. The organic phase was 
washed with water and brine, dried over anhydrous magnesium sulphate and 
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pre-adsorbed onto silica. Purification by flash column chromatography on silica 
gel, eluting with isohexane on a gradient of ethyl acetate (10-50%), led to product- 
containing fractions that were combined. The material was further purified by 
flash column chromatography on silica gel, eluting with dichloromethane 
5 containing 1% ammonia on a gradient of methanol (0.5-3%), to give 5-(5-bromo-2- 
fluoro-phenoxymethyl)-l-methyl-l^T-[l,2,4]triazole as an off-white solid (2.1 g, 
37%): 8 H (360 MHz, CDCls) 4.01 (3H, s), 5.29 (2H, s), 6.96-6.99 (lH, m), 7.09-7.13 
(1H, m), 7.29 (1H, dd, J5 and 2), 7.88 (lH, s); m/z(ES+) 288 lMH + ]. 

The above product was reacted with 4,4,5,5,4',4',5',5'-octamethyl- 
10 [2,2 f ]bi{[l,3,2]-dioxaborolanyl} as described in Example 19 to give the title 
compound as a pale yellow solid (0.43 g, 62%). 

The above product was coupled in the same way as in Example 5 to give 
the title compound as a white solid (58 mg, 33%): 8h (400 MHz, de-DMSO) 3.48 
(3H, s), 3.94 (3H, s), 5.52 (2H, s), 7.21-7.25 (2H, m), 7.45 (lH, dd, «7ll and 8), 7.53 
15 (1H, d, ^6), 7.62 (1H, dd, J 8 and 2), 7.65 (lH, s), 7.98 (1H, s); mlz(ES+) 355 
DM+H] + . 

EXAMPLE 22 4.2 y -Difluoro-5 , -(7-methvl-8-oxo-5.6 .7.8-tetrahvdroimidazo 
fl.2-a1nvrazin-3-vl)biDhenvl-2-carbomtrile 
20 A suspension of 8-chloroimidazo[l,2-a]pyrazine (5 g, 325 mmol) in 5N 

hydrochloric acid (35 ml) was heated at 90°C for 14 h. The reaction mixture was 
cooled, then concentrated using rotary evaporation. Azeotropic removal of water 
with toluene (2 x 30 ml) gave 8-oxo-7,8-dihydroimidazo[l,2-alpyrazine 
hydrochloride (5.7 g): 8h (360 MHz, DMSO) 7.01 (lH, d, e/5.6), 7.60 (1H, d, J 5.6), 
25 7.70 (1H, s), 7.97 (lH, s), 11.59 (lH, br s). 

The above product (l g) was suspended in JV^dimethylformamide (15 ml) 
then treated with sodium hydride (650 mg of a 60% dispersion in mineral oil). 
The resulting mixture was heated at 60°C for 20 min then cooled to room 
temperature and treated with iodomethane (0.4 ml). After stirring for 15 h the 
30 reaction mixture was diluted cautiously with methanol (5 ml) and then silica gel 
(5 g) was added and the solvents removed under vacuum. The silica residue was 
filtered through a plug of silica gel, using 10% methanol in dichloromethane as 
eluent, then the solvents were removed in vacuo to leave 7-methyl-7 J? 
imidazo[l,2-dpyrazin-8-one (1.15 g): 5h (360 MHz, DMSO) 3.43 (3H, s), 7.11 (lH, 
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d, e/5.8), 7.46 (1H, s), 7.56 (lH, d, </5.8), 7.78 (1H, s). NOE studies showed that 
irradiation of the 3H singlet at 5 3.43 gave enhancement of the doublet at 8 7.11 
and vice-versa indicating that methylation took place on the 7-nitrogen rather 
than the 8-oxygen. 

5 The above product (315 mg, 2.1 mmol) in a Parr flask was dissolved in 

methanol (20 ml) and 10% Pd-C catalyst (100 mg) was added. The reaction 
mixture was shaken under 55 psi of hydrogen for 16 days then filtered and 
concentrated under vacuum to leave a residue. This was recrystallized from ethyl 
acetate/methanol to give 7-methyl-8-oxo-5,6,7,8-tetrahydroiinidazo[l,2- ) a]pyrazine 

10 (185 mg): 5h(360 MHz, DMSO) 3.31 (3H, s), 3.70-3.73 (2H, m), 4.24-4.28 (2H, m), 
7.08 (1H, s), 7.32 (lH, s). 

The above product (80 mg, 0.53 mmol) and 5'-bromo-4,2'-difluorobiphenyl- 
2-carbonitrile (prepared as described in WO 02/074773, 204 mg, 1.3 mol eq) were 
dissolved in DMA (2 ml) and potassium acetate (280 mg, 1.5 mol eq), palladium 

15 acetate (6 mg, 5 mol %) and triphenylphosphine (7 mg, 5 mol %) were all added. 

After bubbling nitrogen through the reaction mixture for 10 min, the temperature 
was raised to 130°C and heating continued for 3 h. After cooling, the crude 
reaction mixture was poured onto a column of silica and purified using 0-5% 
methanol in dichloromethane as eluent. Recrystallization from ethyl 

20 acetate/dichloromethane gave the title compound (18 mg), mp 224°C: 8h (400 

MHz, DMSO) 3.02 (3H, s), 3.72-3.75 (2H, m), 4.35-4.38 (2H, m), 7.38 (lH, s), 7.57 
(1H, m), 7.72-7.78 (4H, m), 8.06 (lH, dd, J9 and 3); wlz (ES + ) 365 [M+HK 

Examples 23 and 24 were prepared by the method of Example 22: 

25 

EXAMPLE 23 5.2 , -Difluoro-5 , -(7-methvl-8-oxo-5.6.7.8-tetrahvH rmmid^7.n 
[l.2-alDvrazin-3-vl)biphenvl-2-carbonitrile 
The title compound was prepared using 5'-bromo-5,2'-difluorobiphenyl-2- 
carbonitrile in the final step: g H (400 MHz, CDCla) 3.18 (3H, s), 3.75-3.77 (2H, m), 
30 4.32-4.34 (2H, m), 7.24-7.28 (lH, m), 7.30-7.38 (3H, m), 7.44-7.46 (lH, m), 7.52- 
7.55 (1H, m), 7.83 (1H, dd, Jl and 4); m/z(MS + ) 365 [M+HK 
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EXAMPLE 24 fi.2'-Pifluorn-5'-(7-methv1-«-oxo-5.6.7.8-tetrahydroimidazo 
fl^.-^lpvrazin-B-vDbiphenvl -g-carbonitrile 
The title compound was prepared using 5'-bromo-6,2'-difluorobiphenyl-2- 
carbonitrile in the final step: 5h (400 MHz, CDCls) 3.19 (3H, s), 3.73-3.78 (2H, m), 
4.28-4.35 (2H, m), 7.34-7.42 (3H, m), 7.45-7.49 (lH, m), 7.54-7.58 (2H, m), 7.64 
(1H, m); /n/s(ES + ) 365 [M+H] + . 



EXAMPLE 25 4.2 , -Difluom-5'-(7-ethvl-8-oxo-5.6 .7.8-tetrahv(lTOimi<la7.o 
fl.2-fl1pvrazin-3-vl)biphenvl-2-carbonitrile 
10 8-Oxo-7,8-dihydroimidazo[l,2-alpyrazine hydrochloride (see Example 20, 1 

g) in a Parr flask was dissolved in methanol (60 ml) and 10% Pd-C catalyst (300 
mg) was added. The reaction mixture was shaken under 55 psi of hydrogen for 17 
days then filtered and concentrated under vacuum to leave a residue. This was 
recrystallized from ethyl acetate/methanol to give 8-oxo-5,6,7,8- 
15 tetrahydroinudazo[l,2-dpyrazine hydrochloride (610 mg): 8h (360 MHz, DMSO) 
3.66-3.70 (2H, m), 4.36-4.39 (2H, m), 7.67 (lH, s), 7.78 (lH, s), 8.84 (lH, br s). 

The above product (500 mg, 40 mmol) was suspended in N,N- 
dimethylformamide (10 ml) then treated with sodium hydride (380 mg of a 60% 
dispersion in mineral oil, 2.4 mol eq). The resulting mixture was heated at 60°C 
20 for 20 min then cooled to room temperature and treated with iodoethane (0.386 
ml, 1.2 mol eq). After stirring for 15 h the reaction mixture was diluted 
cautiously with methanol (5 ml) and then silica gel (4 g) was added and the 
solvents removed under vacuum. The silica residue was filtered through a plug 
of silica gel, using 10% methanol in dichloromethane as eluent, then the solvents 
25 were removed in vacuo to leave 7-ethyl-8-oxo-5,6,7,8-tetrahydroimidazo[l,2- 
alpyrazine (400 mg): 5h(400 MHz, DMSO) 1.10 (3H, t, J"7.2), 3.47 (2H, J"7.2), 
3.70-3.73 (2H, m), 4.23-4.27 (2H, m), 7.08 (lH, s), 7.32 (lH, s). 

The above product (82.5 mg, 0.53 mmol) and 5'-bromo-4,2'- 
difluorohiphenyl-2-carbonitrile (prepared as described in WO 02/074773, 204 mg, 
30 1.3 mol eq) were dissolved in DMA (2 ml) and potassium acetate (280 mg, 1.5 mol 
eq), palladium acetate (6 mg, 5 mol %) and triphenylphosphine (7 mg, 5 mol %) 
were all added. After bubbling nitrogen through the reaction mixture for 10 min, 
the temperature was raised to 130°C and heating continued for 3 h. After 
cooling, the crude reaction mixture was poured onto a column of silica and 
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purified using 0*5% methanol in dichloromethane as eluent. Recrystallization 
from ethyl acetate/dichloromethane gave the title compound (18 rag): 8h (400 
MHz, DMSO) 1.12 (3H, t, J7.l\ 3.51 (2H, q, Jl.l\ 3.73-3.76 (2H, m), 4.34-4.37 
(2H, m), 7.39 (1H, s), 7.57 (lH, m), 7.72-7.78 (4H, m), 8.06 (1H, dd, J9 and 3); wlz 
5 (ES + ) 379 [M+H] + . 



Examples 26 to 28 were prepared using the method of Example 25 using 
5 f -hromo-5,2'-difluorobiphenyl-2-carbonitrile and 5'-bromo-6,2'-difluorobiphenyl- 
2-carbonitrile respectively (prepared as described in WO 02/074773): 

10 

EXAMPLE 26 5.2 , -Difluoro-5 , -(7-ethvl-8-oxo-5.6.7,8-tetrahvdroimidazo 
[l,2-a]pvrazin-3-vl)biphenvl-2-carbonitrile 
This compound was prepared using 5'-bromo-5,2'-difluorobiphenyl-2- 
carbonitrile (prepared as described in WO 02/074773): Sh (400 MHz, DMSO) 1.11 
15 (3H, t, J7.1), 3.51 (2H, q, ^7.1), 3.73-3.76 (2H, m), 4.35-4.38 (2H, m), 7.40 (lH, s), 
7.55-7.61 (2H, m), 7.68-7.78 (3H, m), 8.13 (lH, dd, J 9 and 3); mlz (ES + ) 379 
IM+H] + . 



EXAMPLE 27 6.2'-Difluoro-5 f -(7-ethvl-8-oxo-5.6.7.8-tetrahvdroimidazo 
20 [l < 2-a1nvrazin-3-vl)bi phenvl-2-carbonitrile 

5h (400 MHz, DMSO) 1.20 (3H, t, Jl.l\ 3.59 (2H, q, e/7.l), 3.82-3.85 (2H, 
m), 4.39-4.45 (2H, m), 7.45 (lH, s), 7.65-7.70 (lH, m), 7.83-7.92 (4H, m), 8.00 (lH, 
dd, J 9 and 3); m/z(ES+) 379 [M+H] + . 

25 EXAMPLE 28 4.2 , -Difluoro-5 f -r8-oxo-7-(pvridin-2-vlmethvl)-5.6.7.8- 

tetrahvdrnMmi dazo[l.2-a]pvrazin-3-vl)biphenvl-2- 
carbonitrile 

8-Oxo-5,6, 7,8-tetrahydroimidazo[l,2-,dpyrazine hydrochloride (87 mg, 0.53 
mmol), prepared as described in Example 25, was reacted with 5'-bromo-4,2'- 
30 difluorobiphenyl-2-carbonitrile (prepared as described in WO 02/074773, 204 mg, 
1.3 mol eq) in DMA (2 ml) in the presence of potassium acetate (280 mg, 1.5 mol 
. eq), palladium acetate (6 mg, 5 mol %) and triphenylphosphine (7 mg, 5 mol %). 
After bubbling nitrogen through the reaction mixture for 10 min, the temperature 
was raised to 130°C and heating continued for 3 h. After cooling, the crude 
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reaction mixture was poured onto a column of silica and purified using 0-5% 
methanol in dichloromethane as eluent. Recrystallization from ethyl acetate/ 
dichloromethane gave 4,2'-difluoro-5'-(8-oxo-7,8-dmydroimidazo[l,2*dpyrazin-3- 
yDbiphenyl-2-carbonitrile (126 mg): 8h (400 MHz, DMSO) 3.54-3.58 (2H, m), 4.28- 
5 4.32 (2H, m), 7.39 (1H, s), 7.54-7.59 (1H, m), 7.71-7.78 (4H, m), 8.05-8.08 (lH, m), 
8.18 (1H, br s); wlz (ES + ) 351 [M+H] + . 

The title compound was prepared using the method described in the first 
part of Example 11, using 2-chloromethylpyridine hydrochloride: 8h (400 MHz, 
DMSO) 3.60-3.64 (2H, m), 4.18-4.22 (2H, m), 4.60 (2H, m), 7.08-7.11 (1H, m), 
10 7.16-7.19 (1H, m), 7.21 (1H, s), 7.54-7.59 (lH, m), 7.52-7.56 (5H, m), 7.82-7.86 
(1H, m), 8.30-8.32 (lH, m); m/z(ES + ) 442 [M+H] + . 

EXAMPLE 29 4.2 , -Difluoro-5 , -(7-methvl-8-oxo-7.8 -^i>'YHi'mmiil a 7.nri .2-/jl 
ri.2.4ltriazin-3-vl)biphen vl-2-carbonitrile 
15 2-Hydrazinocarbonylimidazole (prepared according to the procedure 

described in EP-A-0713876) (1.00 g, 7.93 mmol) was suspended in Dowtherm A (6 
ml), JV^dimethylformamide dimethyl acetal (1.89 g, 15.9 mmol) added and the 
mixture heated at 100°C for 1.5 h then at 210°C for 18 h. The mixture was 
allowed to cool to room temperature, diethyl ether (100 ml) added and the 
20 precipitated solid was filtered. The brown solid was purified by dry flash column 
chromatography on silica eluting with dichloromethane (+0.1% 0.880 ammonia) 
on a gradient of methanol (5-12%). Collecting appropriate fractions gave 7H- 
imidazo[l,2-<fl[l,2,4]triazin-8-one (216 mg, 20%) as an off-white solid: Sh (400 
MHz, CDCI3) 7.59 (1H, d, Jl), 7.91 (lH, d, Jl), 8.74 (lH, s), 12.39 (lH, s). 
25 Sodium hydride (60% suspension in mineral oil) (76 mg, 1.90 mmol) was 

added to a suspension of the above product (216 mg, 1.59 mmol) in N,N- 
dimethylformamide (4 ml) and the mixture stirred at 20°C for 10 min then at 
60°C for 5 min. The mixture was allowed to cool to ambient temperature, methyl 
iodide (676 mg, 4.76 mmol) added and the mixture left to stir for 10 min. The 
30 solvent was evaporated and the residue was purified by flash column 

chromatography on silica eluting with dichloromethane on a gradient of methanol 
(2-4%). Collecting appropriate fractions gave 7-methyl-7#-imidazo[l,2- 
<tf[l,2,4]triazin-8-one (150 mg, 63%) as a pale yellow solid: g H (36O MHz, CDCla) 
7.45 (1H, d, Jl), 7.63 (lH, d, «7"l), 8.19 (lH, s). 
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The above product (75 mg, 0.50 mmol), 5'-bromo-4,2'-difluorobiphenyl-2- 
carbonitrile (prepared according to the procedure described in WO 02/38568) (220 
mg, 0.75 mmol) and potassium acetate (74 mg, 0.75 mmol) were suspended in 
j\£ j^dimethylacetamide (2 ml) and degassed with nitrogen for 10 min. 
5 Palladiumdl) acetate (5.6 mg, 0.025 mmol) and triphenylphosphine (6.6 mg, 
0.025 mmol) were added and the mixture heated at 130°C for 2 h. The mixture 
was allowed to cool to ambient temperature, diluted with ethyl acetate (100 ml) 
and washed with water (50 ml) and brine (50 ml), dried over anhydrous sodium 
sulfate, filtered and evaporated to give a yellow solid. The solid was purified by 
10 flash column chromatography on silica eluting with 2% methanol in 

dichloromethane. Collecting appropriate fractions followed by trituration with 
diethyl ether gave the title compound as a white solid: 8h (400 MHz, CDCb) 3.80 
(3H, s), 7.41-7.47 (2H, m), 7.53-7.64 (4H, m), 7.67 (1H, s), 8.42 (1H, s); mlz (ES + ) 
364 (M-M-H). 

15 

EXAMPLE 30 3 y -(l-Methvl-6-oxo-1.6-dihvdropurin-9-vl)binhenvl-2- 
carbonitrile 

Sodium methoxide (2.70 g, 50.0 mmol) was added portionwise over 10 min 
to a 0°C suspension of 4,6-dicUoro-5-nitropyrimidine (4.85 g, 25.0 mmol) in 

20 methanol (90 ml). On complete addition the mixture was stirred at 0°C for 2 h. 
The precipitate was filtered and the filtrate evaporated. The residue was 
suspended in isohexane and filtered. The filtrate was evaporated and the residue 
purified by flash column chromatography on silica, eluting with 5% ethyl acetate 
in isohexane. Collecting appropriate fractions gave 4-chloro-6-methoxy-5- 

25 nitropyrimidine (3.50 g, 74%) as a white solid: 8h (400 MHz, CDCla) 4.15 (3H, s), 
8.65 (1H, s). 

The above product (3.50 g, 18.5 mmol) and 3'-aminobiphenyl-2-carbonitrile 
(prepared according to the procedure described in WO 02/38568) (3.23 g, 16.6 
mmol) were dissolved in triethylamine (9.32 g, 92.3 mmol) and dimethylsulfoxide 
30 (10 ml) and heated at 90°C for 18 h. The mixture was allowed to cool to ambient 
temperature then poured onto water (150 ml) and extracted with ethyl acetate (2 
x 300 ml). The organic fractions were combined, washed with water (3 x 75 ml) 
and brine (50 ml), dried over anhydrous sodium sulfate, filtered and evaporated 
to give a brown solid. The brown solid was triturated with diethyl ether (50 ml), 
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filtered, washed with diethyl ether (2 x 10 ml) and left to air dry, which gave 3'- 
(l-methyl-5-mtro-6-oxo-l,6-dihydro 

(2.24 g, 38%) as a yellow solid: Sh (360 MHz, CDCla) 3.52 (3H, s), 7.45-7.57 (5H, 
m), 7.68 (1H, ddd, J8, 8 and l), 7.78-7.82 (2H, m), 8.04 (1H, s), 11.13 (1H, s). 
5 The above product (100 mg, 0.28 mmol) was suspended in THF (5 ml) and 

ethanol (5 ml), tinGD chloride (162 mg, 0.72 mmol) added and the mixture heated 
under reflux for 18 h. The solvent was evaporated and the residue suspended in 
formic acid (20 ml) and heated under reflux for 48 h. The mixture was allowed to 
cool to ambient temperature and the solvent evaporated. The residue was 

10 dissolved in dichloromethane and methanol and evaporated onto silica. The 

product was purified by flash column chromatography on the same, eluting with 
dichloromethane (+0.1% 0.880 ammonia) on a gradient of methanol (2-5%). 
Collecting appropriate fractions gave the title compound (35 mg, 37%) as a white 
solid: 6h (500 MHz, DMSO) 3.55 (3H, s), 7.65 (lH, dd, J 8 and 8), 7.72-7.79 (3H, 

15 m), 7.85 (1H, ddd, J8, 8 and l), 7.97 (lH, dd, J8 and l), 8.00-8.04 (2H, m), 8.45 
(1H, s), 8.59 (1H, s); jm/*(ES + ) 328 (M++H). 



